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ABSTRACT 

In 2001, while performing routine radioactive decay heat rate calculations for beryllium reflector 
blocks for the Advanced Test Reactor (ATR), it became evident that there may be sufficient 
concentrations of transuranic isotopes to require classification of this irradiated beryllium as 
transuranic waste. Measurements on samples from ATR reflector blocks and further calculations 
confirmed that for reflector blocks and outer shim control cylinders now in the ATR canal, 
transuranic activities are about five times the threshold for classification. That situation implies 
that there is no apparent disposal pathway for this material. The problem is not unique to the 
ATR. The High Flux Isotope Reactor at Oak Ridge National Laboratory, the Missouri University 
Research Reactor at Columbia, Missouri and other reactors abroad must also deal with this issue. 
A workshop was held in Idaho Falls Idaho on May 29-30, 2002 to acquaint stakeholders with 
these findings and consider a path forward in resolving the issues attendant to disposition of 
irradiated material. Among the findings from this workshop were (1) there is a real potential for 
the US to be dependent on foreign sources for metallic beryllium within about a decade; (2) there 
is a need for a national policy on beryllium utilization and disposition and for a beryllium 
coordinating committee to be assembled to provide guidance on that policy; (3) it appears it will 
be difficult to dispose of this material at the Waste Isolation Pilot Plant (WIPP) near Carlsbad, 
New Mexico due to issues of Defense classification, facility radioactivity inventory limits, and 
transportation to WIPP; (4) there is a need for a funded DOE program to seek resolution of these 
issues including research on processing techniques that may make this waste acceptable in an 
existing disposal pathway or allow for its recycle. 
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EXECUTIVE SUMMARY 

The Idaho National Engineering and Environmental Laboratory (INEEL) Workshop on 
Disposition of Irradiated Beryllium was held May 29-30, 2002 at the West Coast Hotel in Idaho 
Falls, Idaho. The objectives in convening the workshop were: 

1. Disseminate and critically discuss the work that has been done to date to characterize 
irradiated beryllium waste and potential waste and issues associated with its disposal. 

2. Solicit ideas and opinions on directions to proceed to establish a disposal pathway for this 
material. 

3. Build a community consensus upon which to base a request for funding to resolve the issues 
identified. 

Stakeholders were invited from many different sectors, especially those who must deal with 
irradiated beryllium. 

The Problem 

The discovery that much of the beryllium irradiated in fission reactors qualifies as transuranic 
(TRU) waste poses several problems with regard to its disposal or disposition: 

• Operators of reactors using beryllium reflectors now appear to have no clearly defined 
disposal pathway for beryllium already irradiated but not disposed of. 

• Changes should be made to the specifications for procurement of future beryllium for these 
reactors to prevent or substantially mitigate further creation of this waste form. 

• Questions are raised regarding irradiated beryllium already disposed of at low-level 
radioactive waste facilities and whether it can remain there or require remedial action. 

Extent 

Beryllium is used in fission reactors as a neutron moderator and reflector. In the U.S., the active 
reactors of main concern include the Advanced Test Reactor (ATR) at the INEEL, the High Flux 
Isotope Reactor (HFIR) at Oak Ridge National Laboratory (ORNL), and the Missouri University 
Research Reactor  (MURR) at Columbia, Missouri. Because of swelling caused by the 
production of helium and tritium from the beryllium itself, the beryllium must be replaced 
periodically. Used beryllium reflectors and other components must then be disposed of to make 
room for other activities and reduce on-site radiological inventories. 

In addition to the currently operating reactors, several decommissioned reactors have beryllium 
reflectors that will eventually require disposal. Some of these are the Engineering Test Reactor 
(ETR) and the Materials Test Reactor (MTR) at the INEEL, the Plum Brook Reactor at 
Sandusky, Ohio, and the Omega West Reactor (OMR) at Los Alamos National Laboratory 
(LANL). 
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This issue is not confined to the U.S. The BR-2 reactor at Mol, Belgium faces the same issue as 
do more than 35 other reactors world wide. 

Activation 

Previously, it was thought that irradiated beryllium qualified as low-level radioactive waste. 
Until 1993, beryllium irradiated in the ATR was disposed of at the INEEL Radioactive Waste 
Management Complex (RWMC). Commencing in 1996, concerns arose regarding the level of 
C-14 in that beryllium and whether it should be classified as Greater-Than-Class-C waste as 
defined in 10 CFR 61. C-14 is produced by neutron activation of N-14, which exists as an 
impurity in the beryllium from the refining and manufacturing process. At that point, no further 
disposals were made of ATR beryllium.  

Early in 2001, routine calculations to determine heat generation in irradiated beryllium 
discovered that there may be sufficient concentrations of TRU activation products from uranium 
impurity in the beryllium to require such beryllium to be classified as TRU waste.a Detailed 
composition data provided by Brush Wellman Company, vendor of the beryllium used in ATR 
Core 6, scheduled for installation in 2004, showed uranium concentrations from 25 to 110 µg/g 
in that beryllium with an average of about 71 µg/g. Initial calculations using MCNP-4B and 
ORIGEN2 codes indicated TRU activities more than 30 times the TRU classification threshold 
in ATR reflector blocks of that material. Subsequently, measurements were made on samples of 
beryllium from the 12 reflector blocks from prior cores currently in the ATR canal, furnished by 
Kawecki Beryllium Inc. (KBI). These showed a lower uranium impurity concentration, typically 
30 µg/g. They also showed the presence of transuranic isotopes in good agreement with the 
predictions of the models. Improved calculations gave even better agreement with measurements 
but still indicated TRU concentrations in the reflector blocks about 5 times the TRU 
classification threshold. Outer shim control cylinders (OSCCs) also made of beryllium and in 
need of disposal, are estimated to be at even higher TRU concentrations. 

Disposal 

Disposition of irradiated beryllium has been similar at most reactor facilities 

• Until 1993, ATR beryllium and that removed from other reactors was disposed of at the 
RWMC as low-level waste. Since then, beryllium removed from the ATR has been held in 
the canal adjacent to the reactor. Twenty ATR reflector blocks and nine OSCCs have been 
buried at the RWMC together with one reflector each from the ETR and the MTR and some 
other pieces from low-flux critical facilities. Twelve reflector blocks and 39 OSCCs are 
presently in the ATR canal. 

a Waste is considered TRU if the activity of alpha emitters with half-lives greater than 20 years exceeds 100 nCi/g 
unless it is (1) high-level radioactive waste; (2) waste that the DOE Secretary has determined, with the concurrence 
of the EPA Administrator, does not need the degree of isolation required by the disposal regulations; or (3) waste 
that the Nuclear Regulatory Commission has approved for disposal on a case-by-case basis in accordance with 10 
CFR 61 [Pub. L. 102-579 (1992)].
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• Until 1987, ORNL disposed of their beryllium waste at the ORNL burial ground. The first 
HFIR permanent reflector was so disposed of. The second was broken up and placed in an 
above-ground temporary storage vault in 1994, and the third, now in the HFIR pool, is 
planned for similar temporary storage. Semi-permanent reflectors 1-3 have been disposed of, 
the fourth is in the above-ground vault, and the fifth is in the pool awaiting disposal. Seven 
removable reflectors have been disposed of, one is in the above-ground vault, and two more 
are now in the pool awaiting transfer to an above-ground vault. 

• MURR disposed of their first beryllium reflector at the Chem-Nuclear facility in Barnwell, 
South Carolina. The second one is now in their canal awaiting shipment to Barnwell. With 
the knowledge that the material is probably transuranic, it is unclear if that shipment will take 
place. 

In considering disposal pathways, the only facility currently licensed in the U.S. for permanent 
disposal of TRU waste is the Waste Isolation Pilot Plant (WIPP) at Carlsbad, New Mexico. 
Three issues make it doubtful that this material can be disposed of there.  

1. WIPP is only for Defense generated wastes. It is not clear whether ATR, HFIR, and MURR, 
which are not Defense facilities, could legally send wastes to WIPP. 

2. The WIPP Land Withdrawal Agreement has a limit on total radioactive inventory for all 
isotopes of 5.1 MCi. The high concentrations of tritium (H-3) caused by neutron activity in 
the beryllium itself would consume an inordinate fraction of this available inventory. 

3. It is not presently possible to ship the irradiated beryllium to WIPP because of high gamma 
radiation levels. Coming mainly from Co-60, again from impurity activation, the radiation 
fields are too high to be accommodated by available shipping casks without considerable 
decay or significant size reduction to small pieces that would require individual shipment. 
Estimates are that such decays would take longer than the scheduled WIPP closure date. 

The Yucca Mountain Complex (YMC) in Nevada, which has not yet been licensed, may be a 
possible disposal site. Such waste has not yet been specifically excluded from that site. Shipping 
issues remain even if it could be accepted there. 

A remaining option is to find a practical way to remove the transuranics and possibly other 
radioisotopes from the already irradiated material. Then, depending on the residual hazards, it 
could be disposed of as low-level waste or recycled. The latter is desirable because of the present 
hiatus from domestic production of beryllium metal by Brush Wellman. Methods suggested for 
purification include distillation, previously performed in the Soviet Union and currently under 
development in Ukraine, melting with a slagging agent, dissolution and precipitation or solvent 
extraction, and some form of zone refining. 

Prevention 

Estimates are that to avoid TRU classification of irradiated beryllium, initial uranium impurity 
levels will need to be less that 5 µg/g. Domestic ores and current refining processes are unlikely 
to make that goal. However, beryllium produced in Kazakhstan has traditionally been very low 
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in uranium impurity. Aside from political issues, it may be desirable to make use of that material 
for future procurements of beryllium reflectors. To date it has not been cost effective to purify 
domestic beryllium to the required levels, though that, too, may require rethinking. 

An important issue with respect to availability of metallic beryllium for future fission reactor 
applications is the decision by Brush Wellman to no longer produce the metal from ore. They 
have contracted with the Defense Logistics Agency to purchase the US strategic stockpile 
material. By far, the majority of their beryllium production goes to BeCu alloys. Only about 10% 
of the beryllium is used for reactors. Present estimates are that the US strategic stockpile will be 
depleted in less than ten years at the forecast rate of consumption. Unless modern production 
facilities are built and domestic production resumes, the US will then be totally dependent on 
foreign supplies for beryllium. 

Remediation 

The quantity of TRU isotopes in irradiated beryllium previously disposed of is not large. The 
need for remediation at disposal sites will probably be determined by the impact of this material 
on the performance assessments of those sites. Most beryllium constituents, including hazardous 
metals and radionuclides of concern, are tightly bound up in the beryllium and are only released 
to the extent that the beryllium itself corrodes in the disposal facility. While irradiated beryllium 
is not hazardous by RCRA standards, measurements at the INEEL have demonstrated 
comparatively high corrosion rates for beryllium disposed of at the RWMC. This corrosion is 
responsible for release of tritium and C-14, which have been measured at the disposal sites and 
are confirmed to be coming from the beryllium. Transport of beryllium and its impurity 
activation products in the soil is not well understood. Further study of these issues is warranted. 

Path Forward 

Workshop participants arrived at the following actions as needed to deal with the issues of 
irradiated beryllium disposition. 

Near Term 

1. Establish a dialogue with DOE-HQ office regarding this beryllium issue (should include 
offices of NE, WM, EM, OS, etc.). 

2. Write a summary report of this workshop. 

3. Meet with DOE-HQ to discuss and present the results of this workshop. 

4. Develop a funding request to charter a beryllium coordinating committee and begin 
development of National strategy (should be done in coordination with action item 3). 

5. Publish a note to identify what has happened with the orphan waste program. Include as the 
results of that inquiry as part of the workshop summary report. 
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6. Contact medical (isotope) stakeholders regarding the issues identified at this workshop and 
include those contacts in the dialogue (action 1) and meeting (action 3) with DOE-HQ. 

7. Contact other stakeholders (DOD, NASA, MURR, etc) that should be included in future 
development of a national strategy and solicit their support for a national strategy. 

Most of these should be accomplished in June 2002 with some completed in mid-August. 

Longer Term 

1. Seek and develop a national/international program that can support education, research, 
negotiations, etc. 

2. Develop a national strategy for beryllium supply and cycle. 

3. Establish a beryllium coordinating committee to assist with developing the national strategy 
for supply, use, and disposition of beryllium. 

4. Seek exemption for disposal of existing beryllium based on low risk and small quantities, 
while pursuing new beryllium that is free of undesirable impurities. 

5. Develop/provide interim guidance to generators in the short term until a national strategy can 
be developed. 
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WORKSHOP PROCEEDINGS 

Date(s) and Time(s) 

May 29, 2002 from 08:30 to 17:30 

May 30, 2002 from 08:30 to 11:00 

Location 

West Coast Hotel conference room, Idaho Falls, ID 

Objectives 

1. Disseminate and critically discuss the work that has been done to date to characterize 
irradiated beryllium waste and potential waste and issues associated with its disposal. 

2. Solicit ideas and opinions on directions to proceed to establish a disposal pathway for 
this material. 

3. Build a community consensus upon which to base a request for funding to resolve the 
issues identified. 

Attendees 

May 29, 2002 

NAME ORG. PHONE EEEE----MAILMAILMAILMAIL 

Adler Flitton, Kaye  INEEL 208-526-0525 Mka@inel.gov

Anderson, Brian DOE-ID 208-533-4073 Andersbs@id.doe.gov

Anderson, Gary  INEEL 208-526-4669 Gar@inel.gov

Bhatt, Raj INEEL 208-526-2773 Bha@inel.gov

Brooks, Charlie ATR 208-533-4479 Bcd@inel.gov

Brower, Jeffrey O. INEEL 208-533-4457 Boj@inel.gov

Carlson, Eric INEEL 208-533-4452 Erc@inel.gov

Chipman, Nathan INEEL 208-526-1424 Chipna@inel.gov

Conner, Julie ID-TRA 208-533-4648 Connerje@id.doe.gov

Criswell, Bruce INEEL 208-533-4188 Criseb@inel.gov

Gibby, David  INEEL 208-523-4215 Gibbrd@inel.gov

Gist, Clayton WIPP 505-361-2501 Clayton.gist@wipp.ws
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Hill, William ORNL 865-574-1554 Hillwe@ornl.gov

Jacobson, Loren  LANL 505-667 5151 jake@lanl.gov

Kaczynski, Don  Brush Wellman 419-862-4196 Donald_Kaczynski@brushwellman.com

Leeper, Sheryl Army COE 419-609-0994 Sheryl.a.leeper@lrl02.usace.army.mil

Longhurst, Glen  INEEL 208-526-9950 gxl@inel.gov

McDaniel, Linsey DOE-NE 208-533-4164 Linsey.mcdaniel@hq.doe.gov

McKibben, Charlie  MURR 573-882-5204 mckibbenj@missouri.edu

Miller, Lawrence DOE-NE 301-903-3109 LAWRENCE.MILLER@hq.doe.gov

Moyers, Bryan NASA Plum Brook 419-621-3357 <Bryan.Moyers@grc.nasa.gov>

Mullen, Carlan INEEL 208-526-6040 cxm@inel.gov

Ritter,Paul  INEEL 208-526-6686 Pdr@inel.gov

Seitz, Roger INEEL 208-526-0768 Seitrr@inel.gov

West, Buck  INEEL 208-526-1314 Westwh@inel.gov

May 30, 2002 

NAMENAMENAMENAME  ORG.ORG.ORG.ORG.  PHONEPHONEPHONEPHONE  E-MAIL 

Adler Flitton, Kaye  INEEL 208-526-0525 Mka@inel.gov

Anderson, Brian DOE-ID 208-533-4073 Andersbs@id.doe.gov

Anderson, Gary  INEEL 208-526-4669 Gar@inel.gov

Brooks, Charlie ATR 208-533-4479 Bcd@inel.gov

Brower, Jeffrey O. INEEL 208-533-4457 Boj@inel.gov

Carlson, Eric INEEL 208-533-4452 Erc@inel.gov

Chipman, Nathan INEEL 208-526-1424 Chipna@inel.gov

Conner, Julie ID-TRA 208-533-4648 Connerje@id.doe.gov

Gibby, David  INEEL 208-523-4215 Gibbrd@inel.gov

Gist, Clayton WIPP 505-361-2501 Clayton.gist@wipp.ws

Hill, William ORNL 865-574-1554 Hillwe@ornl.gov

Jacobson, Loren  LANL 505-667 5151 jake@lanl.gov

Kaczynski, Don  Brush Wellman 419-862-4196 Donald_Kaczynski@brushwellman.com

Kullberg, Craig  INEEL 208-526-9565 cmk@inel.gov

Leeper, Sheryl Army COE 419-609-0994 Sheryl.a.leeper@lrl02.usace.army.mil
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Longhurst, Glen  INEEL 208-526-9950 gxl@inel.gov

McKibben, Charlie  MURR 573-882-5204 mckibbenj@missouri.edu

Miller, Lawrence DOE-NE 301-903-3109 LAWRENCE.MILLER@hq.doe.gov

Moyers, Bryan NASA Plum 
Brook 419-621-3357 <Bryan.Moyers@grc.nasa.gov>

Mullen, Carlan INEEL 208-526-6040 cxm@inel.gov

St. Clair, Trish DOE-ID 208-526-1961 Stclaipl@id.doe.gov
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Meeting Results 

Action Items (near-term) 

1. Establish a dialogue with DOE-HQ office regarding this beryllium issue (should include 
offices of NE, WM, EM, OS, etc.). 

• Assigned to: Linsey McDaniel (lead), Larry Miller, Steve Abeln, Julie Conner 
(responsible for field contacts), William Hill 

• Target Date:  June 14, 2002, to start activities and conference calls. 

2. Write a summary report of this workshop. 

• Assigned to: Glen Longhurst 

• Target Date:  June 14, 2002, for draft for review by workshop members. 

• Target Date:  June 28, 2002, to issue final report. 

3. Meet with DOE-HQ to discuss and present the results of this workshop. 

• Assigned to:  Linsey McDaniel (lead), Glen Longhurst, Steve Abeln 

• Target Date:  August 9, 2002. 

4. Develop a funding request to charter a beryllium coordinating committee and begin 
development of National strategy (should be done in coordination with action item 3). 

• Assigned to: Julie Conner (lead), other team members to be identified by Julie. 

• Target Date:  August 9, 2002. 

5. Publish a note to identify what has happened with the orphan waste program. Include as the 
results of that inquiry as part of the workshop summary report. 

• Assigned to: Carlan Mullen. 

• Target Date:  June 16, 2002. 

6. Contact medical stakeholders (isotope) regarding the issues identified at this workshop and 
include those contacts in the dialogue (action 1) and meeting (action 3) with DOE-HQ. 

• Assigned to:  Glen Longhurst, Carlan Mullen will be a team member. 

• Target Date:  August 9, 2002. 
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7. Contact other stakeholders (DOD, NASA, MURR, etc) that should be included in future 
development of a national strategy and solicit their support for a national strategy. 

• Assigned to:  To-Be-Determined 

• Target Date: To-Be-Determined 

Conclusions, Findings, and Assumptions 

• New research has indicated there are impurities in the beryllium used as reflectors in nuclear 
reactors that results in waste that is not low-level and is Greater-Than-Class-C waste. 

• There is no National strategy for the life cycle management (production, inventory and 
disposal) of the nation’s beryllium supply. 

− The regulatory demands on production of beryllium make it uneconomical to 
manufacture in the US making the country dependent on foreign supplies. 

− Reevaluation of material already disposed of needs to be conducted in light of the new 
findings with regards to contaminants in the material. 

− There needs to be a clear disposal pathway for used (irradiated) material that will be 
generated as waste in the near future. 

− Interim storage capabilities are needed until a clear disposal pathway can be identified. 

− The continued operation of reactors using beryllium reflectors needs to be addressed in 
light of the newly identified hazards in irradiated beryllium waste. 

• Solutions proposed to resolve the problem. 

− Seek and develop a national/international program that can support education, research, 
negotiations, etc. 

− Develop a National strategy for beryllium supply and cycle. 

− Establish a beryllium coordinating committee to assist with developing a national 
strategy for supply, use, and disposition of beryllium. 

− Seek exemption for disposal of existing beryllium based on low risk and small quantities, 
while pursuing new beryllium that is free of undesirable impurities. 

− Develop/provide interim guidance to generators in the short term until a national strategy 
can be developed. 
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Agenda

Wednesday, May 29th 

8:30 a.m. Welcome and introduction Glen Longhurst (INEEL) 

8:40 a.m. Workshop Logistics Buck West (INEEL) 

8:45 a.m. Beryllium Disposal: Background, Measurements, and Concerns 
 Glen Longhurst (INEEL) 

10:00 a.m. Break (refreshments courtesy of BBWI) 

10:30 a.m. HFIR Beryllium Disposal Experience Bill Hill (HFIR) 

11:00 a.m. Operational Test Reactors and Impurities Contained in Typical Alloys 
 Don Kaczynski (BW) 

11:30 a.m. Loss of U.S. Beryllium Metal Domestic Supply 
 Steve Abeln/Loren Jacobson (LANL) 

12:00 noon Lunch 

1:30 p.m. Vacuum Distillation of Beryllium  Loren Jacobson (LANL) 

2:00 p.m. Beryllium Corrosion in Earthen Vaults Kay Adler Flitton (INEEL) 

2:30 p.m. Radioactive Isotope Release from Buried Beryllium Paul Ritter (INEEL) 

3:00 p.m. Break 

3:30 p.m. The WIPP Remote Handled Transuranic Waste Program  
 Clayton Gist (DOE-Carlsbad) 

4:00 p.m. Plum Brook Reactor Beryllium Brian Moyers (ANL) 

4:20 p.m. Open Discussion/Comment Resolution Presenters/Participants 

5:00 p.m. Adjourn 

Thursday, May 30th

8:30 a.m. Town Meeting:  Guided discussion to find answers to or suggest actions to answer 
the following questions:  

Problem Definition 

1. What are disposal concerns at facilities such as the High Flux Isotope Reactor (HFIR) and 
the Missouri University Research Reactor (MURR), which also use beryllium reflectors? 

2. What inventories of irradiated beryllium, other than at operating reactors, will need to be 
disposed of? 
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3. What concerns exist for irradiated beryllium that has already been disposed of as low-
level waste assuming it is TRU but not RCRA hazardous? 

4. What is a reasonable upper bound on expenditures to identify a disposal solution?  What 
is the total life-cycle cost attributable to beryllium using presently available or 
foreseeable material grades and disposal methods? 

5. What is the problem? 
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Problem Consequences 

6. What are the feasibility, cost, and programmatic impact if "Defense" classification is 
required for research reactor beryllium to be disposed of at WIPP? 

7. What would be the consequences of failing to move now to resolve issues of disposal for 
irradiated beryllium? 

8. If a disposal pathway cannot be found, can reactors continue to generate this waste 
stream? 

9. What are the consequences of the problem(s)? 

10:00 a.m. Break 

10:15 a.m. Guided Discussion, (continued) 

Can the problems be prevented, mitigated, or resolved? 

What actions should we be taking? 

10:50 a.m. Summary of discussion Buck West 

11:00 a.m. Closeout Glen Longhurst 

Meeting Process 

The first day of the workshop was devoted to presentations about irradiated beryllium and issues 
concerning its use and disposition. During presentations, participants were permitted to enter 
comments or questions in the computers regarding the presentations. The presenters were later 
permitted to respond to the questions or comments. See pages following the presentations for the 
questions, comments, and answers for each. 

A four-step structured process was conducted regarding problems with irradiated beryllium. The 
first step was to discuss and identify the problem. Participants were directed to enter into 
computers available for their use possible problems with irradiated beryllium. During this first 
step, participants were not allowed to see what others had entered. Participants were then 
allowed to see what others had entered and were directed to read the other responses and add 
additional comments, as they felt necessary. The potential problems were then discussed for a 
consensus of what the true problem is. Discussion first addressed the issues of declining supply 
of beryllium and impurities in existing supplies that cause problems with disposal of used 
material. The discussion shifted away from the supply issue and focused on a lack of recognition, 
by the United States, of the strategic importance of beryllium. The group identified an over-
arching problem statement with five sub-elements. The sub-elements were considered to need 
immediate attention. 

Problem Statement:  There is no national strategy for the life cycle management 
(production, inventory and disposal) of the nation’s beryllium supply. 
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1. The regulatory demands on production of beryllium make it uneconomical to 
manufacture in the US; making the country dependent on foreign supplies. 

2. Reevaluation of already disposed of material needs to be conducted in light of the 
new findings with regards to contaminates in the material. 

3. There needs to be a clear disposal pathway for used (irradiated) beryllium and 
material that will be generated as waste in the near future. 

4. Interim storage capabilities are needed until a clear disposal pathway can be 
identified. 

5. The continued operation of reactors using beryllium reflectors needs to be addressed 
in light of the newly identified impurities in irradiated waste. 

After discussion of the problem, the group was then directed to use the computers to enter the 
consequences of not adequately addressing the problem statement. There was no discussion of 
the material entered. Responses are listed later in this record. 

The group then turned their attention to the actions needed to correct the problem. The group was 
directed to enter one possible solution to the problem statement and/or sub-elements. The group 
then discussed the posted solutions and combined or revised the solutions as necessary. During 
the discussion, several possible solutions were merged with the development of a National 
strategy solution. This merging was done with the understanding that these merged solutions 
should be sorted into short- and long-term actions. The final and merged list of solutions is also 
provided later in this record. 

After identification of possible solutions to the problem, the group developed actions items 
needed in the short-term to begin implementation of the possible solutions. See the Action Items 
in the Results section for the results of that discussion. 
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PRESENTATIONS, COMMENTS, QUESTIONS, AND RESPONSES
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Comments on Irradiated Beryllium Disposal Issues, Background, Measurements, 
and Concerns 

• It was mentioned in presentation no one uses GTCC designation. Greater than class C waste  
designation is codified in 10CFR61 and is the law. Nb-94 and C-14 are part of GTCC 
determination. {#25, Raj Bhattb}

• Russian Be concernsc: Do they use Be ore with the same impurities that contribute to TRU 
issues? {#26, Kay Adler Flitton} 

- Response to #26--Russian Be ore typically does not have the same impurity content 
as US ore. {#29, Loren Jacobson} 

• Mullen noted as a side comment the existence of activated graphite waste materials from 
MTR etc. that could have similar activated impurity issues {#27, Gary Anderson} 

• Did you find U in the KBI Be? {#30, Don Kaczynski} 

- Response to #30:  Uranium averaged 25-30 wppm in KBI beryllium samples taken 
from the blocks that were in the ATR. {#92, Glen Longhurst} 

• Impurity in Be after processing also dependent upon how refined/processed. {#31, Gary 
Anderson}

• Since we are addressing one isotope being outside the class C limits, C-14, why can't we just 
adjust the limit upward as a regulatory change based on an updated risk analysis?  Risk can't 
be much given that we live in a world full of C-14. {#32, Lawrence E. Miller} 

• Did the ATR activation analysis consider data provided by material sampling, or was it based 
on metallurgical profiles "presumed" for the alloy? {#33, Bryan M. Moyers} 

- Response to #33:  Early calculations were performed using best available 
information, mostly from literature, but later calculations used measured data, 
wherever they were available. The last two rounds used measured data. {#94, Glen 
Longhurst} 

• How can the average be higher than the high flux value? {#34, Jeff Brower} 

- Response to #34:  At very high fluence, some of the TRU burns away. Thus, the 
highest TRU concentrations are at locations where the fluence is moderate. The peak 

b Information in brackets {} are a reference number for the comment and the comment author’s 
name. The reference number is used to link comments and responses. 

c Be = beryllium. 
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seems to be reached after about 1.5 - 2 years of irradiation in ATR. {#95, Glen 
Longhurst} 

• Capture comment that minimum uranium-238 must be less than 5 wppm based upon models 
to not exceed 100 nCi/g transuranics (primarily Am-241 and Pu-240 in growth, Am-243 
builds during irradiation then holds constant after removal. {#35, Gary Anderson} 

• Although the argument on TCLP release of Hg appears sound as a basis for a non-RCRA 
hazardous determination it hinges on Hg being not soluble as stated. A confirming TCLP on 
a Be material with Hg in it would be good to have as a validation point to convince doubters. 
{#36, Gary Anderson}  

- Response to #36 on TCLP - one should be cautioned when applying TCLP to raw 
materials to determine what would leach from a specific item disposed. Such that the 
test is used to determine the leachability on items disposed (i.e. disposal of Be plates). 
In most cases, the shape (or more precisely the surface area) of the item in contact 
with the leaching solution has more to do with its potential as a RCRA waste than the 
raw materials. {#46, Sheryl Leeper} 

- Comment on #46:  A complicating factor for beryllium TLCPs is the oxide film that 
forms on the surface of beryllium after crushing to the size required for TLCP. 
Experimental data on chromium shows significant variation in release fraction with 
powder form. {#97, Glen Longhurst} 

• Beryllium disposed as LLW likely has more problems than being disposed as TRU. {#37, 
Carlan Mullen} 

• Eventually a quantitative statement of statistical confidence and tolerance factor will be 
needed on the code/model predictions for radionuclide concentrations (a distribution is 
needed accounting for variations in the source Be, the flux history (fluence), cross-sections 
etc). A combination of model based sensitivity studies and selected additional irradiated 
sample data will be needed to provide this bases. {#38, Gary Anderson} 

• Shim cylinders are less well known than the reflector blocks, estimate of TRU 
concentrations? {#39, Gary Anderson} 

• Is the flux high enough in the small research reactors, i.e. TRIGAs to result in TRU 
concentrations that exceed 100nCi/gm? {#40, Julie Conner} 

• Clarify the source of the Be and the impurity (uranium concentration) concentrations for the 
model data comparisons and point out that the newer BW material actually has higher 
impurities than the KBI materials used earlier. {#42, Gary Anderson} 

• ORIGEN S is, an update version of the ORIGEN code, is now available. {#43, Buck West} 

- Comment 43: Will use of ORIGEN S code make difference in calculation compared 
to ORIGEN {#55, Raj Bhatt} 
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• How far out in time will the net in-growth of Am and Pu stop and concentrations turnover? 
{#44, Gary Anderson} 

- Response to #44:  Bill Hill indicated turnover or leveling out after about 30 years. 
{#96, Glen Longhurst} 

• Shim cylinders had about eight years of flux. These were operated at 250 MW reactor power, 
current operation is now around 125 MW. {#45, Buck West} 

• TCLP corrosion test is a RCRA determination test, but other corrosion mechanisms may act 
in actual disposal environments. These need to be considered for both existing disposed 
materials and the future disposal pathways. {#47, Gary Anderson} 

• Russian beryllium has been available only since the early 90's. Estimate Russia will make 
between 40-60 tons this year. {#48, Buck West} 

• Although the Hg may meet the TCLP criteria, it does not mean one is out of the woods with 
RCRA. It only means that the LDR requirements have been met. {#49, Clayton Gist} 

• We keep on saying high flux does not necessarily mean higher concentration because of 
burn-up of products; at the same time claim that shim cylinders will have higher 
concentration due to higher flux experienced by them. {#50, Raj Bhatt} 

- Comment on #50:  As was pointed out, it appears that the location in the reflector 
where TRU concentrations are highest is in the OSCCs. {#98, Glen Longhurst} 

• What environmental regulatory requirements apply to the already disposed Be blocks and 
cylinders?  Who is responsible for its management?  I presume this would be handled under 
the CERCLA process, by EM. {#51, Brian Anderson} 

• Distilling Be to remove impurities before use would add an up-front cost, but that cost should 
be more than recovered by not having to deal with activated impurities and TRU after use.  
Also, distilling after use and then reuse of salvaged Be should also yield savings over the 
long run by removing the costs to mine, transport and refine Be ore and it would also take the 
irradiated Be disposal problem off the table. {#52, Lawrence E. Miller} 

• Blocks and shim cylinders have other material attached to it, also NRC allows disposal of 
similar material (generated in reactor) in same package. A determination needs to be made 
about waste as a package rather than just calculating concentration for beryllium weight only. 
{#53, Raj Bhatt} 

- Comment 53: Do you mean that volumetric averaging for the entire OSS assembly 
including the Hf plates would result in levels below the TRU level?  It would still be 
GTCC, but not TRU?? {#56, Julie Conner} 

- Response to #53:  I believe the OSCCs would be more hazardous (greater TRU 
concentrations) than the blocks because of their locations. Most of the OSCCs are 
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Brush Wellman material that is typically higher in uranium than the KBI blocks. 
{#100, Glen Longhurst} 

• Problem needs to be divided into three distinct but related parts. Disposition of 1) The 
materials already disposed (ER issue), 2) management and ultimate disposition of the 
materials currently in the pool or other storage or that will be produced in the near future 
(from continued reactor ops and from D&D of ETR/MTR etc,) and 3) 
prevention/minimization of longer term future Be waste from continued reactor operations. 
{#54, Gary Anderson}  

- Re: Comment #54. A key piece of part 2 is what regulatory requirements apply and 
how do we get "permission" to continue current plans to place similar Be components 
into the ATR during the next CIC, scheduled for early CY 2004, knowing that there is 
no defined path for disposal?  This is an element that I would like to see defined and 
answered during this workshop. {#58, Brian Anderson} 

• Glen asked if there were any fundamental flaws in the arguments given in his presentation?  
No response. {#57, Buck West} 

• The ATR reflector blocks and shim cylinders have other metal parts attached that must be 
considered when planning a disposal path. The recent INEEL work has focused on the 
beryllium metal only. Separation of the non-beryllium hardware parts has been considered to 
remove the GTCC items. {#59, Carlan Mullen} 

• Not all of the irradiated beryllium that is stored or will be generated in the future from reactor 
operations will be remote handled TRU, some of it will be remote handled LLW. Therefore a 
disposal path is needed for both and each will have major difficulties to over come to move 
the beryllium to disposal. {#103, Carlan Mullen} 

In general discussion at the end of the first day regarding comments made on earlier 
presentations, the following points were made by the presenter, Glen Longhurst, and other 
participants regarding some of the comments made on this presentation. 

• {#32, Lawrence Miller} Current limits for C-14 placement in the RWMC are based on 
analyses of impacts on the performance assessment (PA) for the facility. Presumably, if it can 
be shown that higher limits on C-14 would not have an adverse impact on the PA, for 
example because of tight binding in irradiated beryllium, it may be possible to increase the 
limits.

• {#36, Gary Anderson} The TCLP test made on the high-flux sample from Block 010R has 
been challenged because it had no detectable gold or mercury. The decision regarding further 
sampling and TCLP testing on irradiated beryllium that is known to have gold and mercury 
in it is a trade between cost and need. It was demonstrated in the work done at ANL-W that 
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materials known to be insoluble in beryllium are released in a TCLP only in proportion to the 
dissolution of the beryllium matrix. Determination that mercury is insoluble in beryllium has 
previously been made by others. It is a practical impossibility to collect a “representative” 
sample according to the strict legal definition of a sample required to make a hazardous 
waste determination in this case. Therefore, the question is: is there adequate information 
available to draw the conclusion that irradiated beryllium is non-hazardous with respect to 
mercury?  Further testing would in all probability not change the conclusion, but it may 
remove some doubt. The cost of taking another sample from a different block and making the 
required measurements would be on the order of $30K. 

• {#37, Carlan Mullen} Carlan explained that there are many issues associated with disposal of 
low-level waste. Because of the numerous qualification criteria, it may require greater 
administrative effort to accomplish the disposal as LLW than would be required for disposal 
as TRU where many of these other issues are inconsequential. 

• {#40, Julie Conner} The degree to which uranium impurity in small reactors would be 
transmuted to TRU isotopes depends on a number of factors. The low-power reactors almost 
invariably operate at lower neutron fluxes than the larger ones such as ATR and HFIR. 
However, activation in the ATR, for example, exceeds the TRU threshold after only a few 
months of operation though the beryllium lifetime in ATR is typically 8 years. Therefore, it 
is quite likely that beryllium irradiated in a small reactor could become transuranic. 

• {#51, Brian Anderson} Responsibility for material buried at various waste disposal sites 
appears to belong to the facility operator. When the waste is accepted, the operator assumes 
ownership. However, this issue warrants further clarification. 

• {#53, Raj Bhatt} Activation calculations and results conducted at the INEEL on beryllium 
reflector blocks and OSCCs have not included any consideration of the non-beryllium pieces 
attached to them. We suppose there is no reason to remove those pieces if it is determined 
that the beryllium components can be disposed of as TRU waste. In effect, with regard to 
TRU isotope concentrations, they would serve as de facto diluents. 
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HFIR Beryllium

• HFIR
– Permanent

– Semi-permanent

– Removable

– Plugs
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Comments on HFIR Beryllium Disposal Experience 

• The ORNL experience is the beryllium would curve and if you didn't pull it out and turn it it 
would then get stuck in the core. {#60, Buck West} 

• Have there been previous beryllium cores disposed of from the inactive reactors?  Have the 
beryllium cores that remain in the reactor been there since the reactor went critical? {#61, 
Carlan Mullen} 

- In response to question #61, yes, several beryllium elements have been disposed of 
on-site. Don't know the history of the beryllium elements in these reactors. I suspect 
that very few are original. {#132, WE Hill} 

• Where was the first HFIR reflector shipped to? {#62, Glen Longhurst} 

- In response to #62 - the first blocks were disposed on site. {#64, Buck West} 

- In response to question #62, the first permanent reflector was shipped to ORNL's 
burial ground. {#133, WE Hill} 

• What was the disposal problem associated with core 2 as LLW? {#63, Carlan Mullen} 

- In response to #63 - the second permanent reflector was not in a geometry suitable for 
on-site disposal. Size reduction was not an option and no cask was available for 
transport off-site. Therefore, we chose on-site storage in above-ground Vaults. {#181, 
WE Hill}.  

• Any H-3 release from Be stored above ground?  Concrete can cause H-3 release because of 
pH. Be starts corroding as soon as pH drops below 7.0. {#65, Raj Bhatt} 

- Comment #65 - There probably is some H-3 release from the vault. I'm not aware of 
any measurements, however. The beryllium is not in contact with concrete. The 
vaults are drained. Your comment on pH is noted, thanks. {#182, WE Hill} 

• Has the non-beryllium hardware attached to the beryllium reflector been removed for the 
cores that have been disposed? {#66, Carlan Mullen} 

- Comment # 66- Non-beryllium hardware was removed when it was feasible. Several 
reflectors still have SS and aluminum with them. {#183, WE Hill} 

• The first core was not characterized and was disposed on site. {#70, Buck West} 

• HFIR has observed tritium in the pool coming from the reflector. {#71, Buck West} 

• Confirm cost of $600k for Ranor to design and build first dry storage vault for HFIR 
permanent reflector, then added a second unit for $200k. Did this include the transfer cask 
from pool to dry storage as well? Rough order-of-magnitude other costs to HFIR/ORNL WM 
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to perform the procurement and setup the total facility/operation for the dry storage? {#72, 
Gary Anderson} 

- Comment # 72 - Development costs for the vault were around $550K. These costs 
were for designers, draftsmen, analysts, and miscellaneous support. The cost to build 
the vault was about $200K for the vendor + travel, QA, etc to oversee the fabrication. 
The vault was the transfer cask. The storage facility was developed for other ORNL 
waste so we piggybacked on that to an extent. There was about a man-month of effort 
in 1995 to develop a safety basis for storage of the vault. Many of the supporting 
analyses were done during development and design of the vault (part of the $550K 
development costs). These included a drop test analysis, heat load analysis, shielding 
analysis, & seismic analysis. The storage pad is not elaborate. It consists of a gravel 
pad with a fence around it. {#185, WE Hill} 

• Is the concentration of TRU above the TRU thresholds for the removable and semi-
permanent reflectors? {#73, Julie Conner} 

- Question #73 - The semi-permanent and removable reflectors have not been 
characterized. {#180, WE Hill} 

• Did ORNL develop a waste with no path to disposal plan prior to your last Be being removed 
from the Rx? {#74, Julie Conner} 

- Comment # 74 - RRD did complete No Path to Disposal forms for several reactor 
components including the beryllium reflectors. The forms were approved by the 
required parties prior to the HFIR entering the last Be outage. {#184, WE Hill} 
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Comments on Operational Test Reactors and Impurities Contained in Typical 
Alloys

• BW and KBI were active in buying back scrap and some of the measurements of some of the 
KBI reflectors may represent their use of BW scrap with a higher uranium content. {#75, 
Buck West} 

• Is the beryllium going to the ceramics business essentially the same composition as that 
going to the metals business? {#76, Glen Longhurst} 

• DOE is about 5-10% of the BW sales. This impacts their ability to respond to additional 
processing of the reflectors and may increase costs. {#77, Buck West} 

• BW provides blanks to be machined by some other company. {#78, Buck West} 

• Blank weight for an ATR block (179 lb.) is about 1500  lb. {#79, Glen Longhurst} 

• What radiological limits would apply if previously irradiated beryllium could be recycled in 
beryllium fabrication? {#80, Glen Longhurst} 

• Lack of profit in the beryllium market makes development of a new processing facility 
unlikely for a private company without some government help and funding. {#81, Buck 
West} 

• If a process were to be available for irradiated beryllium recycling, how would the irradiated 
waste by-products be handled/treated/disposed? {#82, Kay Adler Flitton} 

• S-65 Be could be made to meet the < 5 ppm U goal (current levels are 2.5 ppm to 3.5 ppm, 
could work to a spec of <5 ppm.) Don said, just a guess, S-65 Be could sell for perhaps a 
20% surcharge, and require a lead-time of probably a month for additional processing. {#83, 
Brian Anderson} 

• Where can NASA find information on “Lockalloy”, presumably a brand name of a beryllium 
alloy? {#89, Bryan M. Moyers} 

- re#89--NASA sponsored a lot of work on “Lockalloy” in the 1970’s I think, related to 
its potential for use as a ventral fin on the SR-71 aircraft. The composition is the 
62%Be 38%Al referred to now as Albemet 162. Brush Wellman has a lot of 
information on this alloy (or, more properly, composite). The National Aerospace 
Plane project sponsored work on BeAl materials, and some of it is in open literature. 
Also, I gave a talk 4 years ago on Be-Al to the annual Space Propulsion conference at 
JPL. Please send me your e-mail, and I will try to get some additional information to 
you. Mine is: jake@lanl.gov {#93, Loren Jacobson} 

- RE: #93  Bryan.Moyers@grc.nasa.gov. {#156, Bryan M. Moyers} 
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• INEEL prepared a P2 proposal two years ago to substitute S65C for the existing S200F grade 
for future procurements of ATR beryllium reflectors. Further study needs to address the 
mechanical properties to make sure there are no impacts to reactor operation from such a 
material substitution. {#99, Carlan Mullen} 

• One DOE-EM facility has several hundred pounds of Be reading about 0.5 mR/hr. Is there a 
“free release” limit for this material?  Could this material be recycled, and would there be 
any interest in recycling this material? {#122, Nate Chipman} 

• Information can be obtained on all grades of beryllium and the aluminum beryllium product 
line, Brush Wellman trade named AlBeMet, on the Brush Wellman web page. 
brushwellman.com. There are a number of papers which describe the “Lockalloy” 
composition which is the same as  AlBeMet 162. {#149, Don Kaczynski} 

• The S-65 product sells for about 35% more than the S-200 F product in large blocks. {#150, 
Don Kaczynski} 

• I have no idea how hot 0.5mR/hr. is. If it presents no particular handling issues we could 
possible recycle it in our Ohio operations. If it is “hot” then I do not see where we can help 
you. {#153, Don Kaczynski} 

- Re: #153. INEEL administrative radiological exposure limit is 500 mr/year. DOE 
maximum limit is 5,000 mr/year. If a worker was in contact with (holding) the 
material for 1,000 hours (6 months) he would receive his 500 mr/year administrative 
limit. If the material is in a process vessel, or shielded in some way, the exposure 
would be much less. {#176, Brian Anderson} 
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Comments on Loss of U.S. Beryllium Metal Domestic Supply 

• Did LANL just built a brand new Be finishing facility? Or was it Sandia? {#84, Raj Bhatt} 

- Response to #84--LANL has a new, state of the art beryllium facility which is now in 
operation for machining of parts. We also hope to have our atomization up and 
running soon, along with a beryllium foundry. Later on we plan to include joining 
(brazing), mechanical testing, and injection molding. Also we will soon be plasma 
spraying beryllium. {#91, Loren Jacobson} 

• General Note:  If we intend to keep buying beryllium for reactors, its price is likely to climb. 
Are these factors being included in reactor budget projections? {#85, Glen Longhurst} 

- Re: Comment #85. No, NR budgets for ATR do not include a significant increase for 
Be Reflector components. The NR budget is level funded, with a nonimal 1.7%  
escalation. {#90, Brian Anderson} 

• Why not a cost plus contract with Brush Wellman to allow them to build a new facility to 
meet emerging safety requirements and national needs while still making a profit?  
Government has done this before. {#86, Lawrence E. Miller} 

• Given the lead time for procurement and the decrease in availability of beryllium over the 
next 8-10 years will there be any beryllium to replace the reflector at ATR?  It is hoped that 
this workshop will help to answer that question and raise the issue to DOE for consideration. 
{#87, Buck West} 

• The ingots in the national stockpile have already been purchased by Brush Wellman. {#88, 
Buck West} 

• It sounds like there is no strategic plan for managing this strategic material. {#105, Brian 
Anderson}

- re 105--The current plan is to not have a national defense stockpile by 2007. The only 
thing that DLA is doing is gradually selling everything off. DOE has now requested 
DOD to transfer control of the remaining billet material to DOE. This should at least 
control the current structural grade, which we expect to start using in 2007. {#129, 
Loren Jacobson} 

• With respect to the apparent impending shortage of Be supply here in the US, DOE and 
DOD should commission new plant for producing, refining, and diffusing pure Be to 
produce Be metal to the specs that are needed. This could be a COCO with Private Sector 
investment, or should be a GOCO if the economics do not support private investment. 
{#107, Brian Anderson} 
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Comments on Vacuum Distillation of Beryllium 

• What additional complications to distillation would come about if the material required 
remote handling because of gamma radiation? {#101, Glen Longhurst} 

• Consider performing demonstration tests of distillation using non-radioactive isotopes of 
TRU elements of concern or chemical/physical analog substitutes in beryllium samples. 
{#102, Glen Longhurst} 

• The Ukrane process could be done remotely on irradiated beryllium. The quantity of material 
to be processed may not be feasible under this process. {#104, Buck West} 

• It appears that a dissolution process followed by solvent extraction may be able to remove 
impurities. Processes akin to uranium/plutonium recovery from spent nuclear fuel and 
recovery of other materials from irradiated targets. These processes are usually remotely 
operated. {#106, Nate Chipman} 

- re #106--at present, the process for winning beryllium metal from the ore, with the 
intermediate of beryllium hydroxide, then ammonium beryllium fluoride, then 
beryllium fluoride reacted with Mg to give Be metal, is so complicated that once you 
have metal, it is thought to be desirable to keep it in that form as much as possible. 
Maybe one of the processes being considered for the future, such as electrolysis of 
molten salt, would allow for a process involving dissolution as you suggest. {#136, 
Loren Jacobson} 
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Comments on Beryllium Corrosion in Earthen Vaults 

• There are chloride measurements from past water analysis data and they were used in 
estimating corrosion rate of Be in 1994 LLW Performance Assessment (radionuclide 
transport and dose calculations). Also the sulfate ions (present in RWMC soil) cause 
substantial increase in corrosion. {#108, Raj Bhatt} 

• Weren't the ATR Be blocks and shim cylinders buried in stainless steel trash liners in 20 foot 
tall concrete cylinders?  The Be was never in direct contact with the surrounding soil. The 
corrosion test samples are direct buried in the soil. The corrosion test is not representative of 
the actual waste conditions. {#109, Jeff Brower} 

- Answer to comment 109. No the beryllium blocks were buried in open top, cask liner 
in soil. {#111, Raj Bhatt} 

- Answer to comment 109, the concrete vaults were not used until after the last Be
blocks and shim cylinders were disposed. Soil vaults, holes bored in the soil and then 
backfilled with soil, were used prior to the construction of the first concrete vaults. 
{Roger Seitz} {#112, Kay Adler Flittonj} 

- Response to 109. The use of concrete vaults at the LLW pit did not start until after 
1993. All ATR beryllium has been disposed in soil vaults or soil trenchs. Though 
metal waste canisters were used they are not water or air tight and have open 
expanded metal bottoms to allow canal water to drain when loading into shipping 
casks. {#118, Carlan Mullen} 

• Could the reduced corrosion rate at the 4-foot level in later years be attributed to drier climate 
in those years? {#110, Glen Longhurst} 

- Re: #110   Currently the data at the 4' level is inconclusive. All data (both the 1-yr 
exposure and 3-yr exposure) is under 0.2%. The differences may be an initial soil 
moisture difference or other environmental factors we have yet to consider. After the 
5-yr exposed coupons are evaluated, perhaps we will have a better understanding of 
the rates at the shallow level. {#123, Kay Adler Flitton} 

• Any plans for controlled "in-lab" scaled tests of Be under various soil moisture temperature 
etc. conditions to examine various possible corrosion conditions? Accelerated tests? {#113, 
Gary Anderson} 

- Re: #113. Limited bench scale corrosion testing has been done, even some with 
MgCl2. Currently no additional bench scale testing is schedule or funded and 
currently no accelerated tests are schedule. One comment:  We have, in our test plan 
options for utilizing electrical resistance (real-time) probes and those probes could be 
used for an accelerated test. The probes, with exception to beryllium, are available 
currently for installation. We have investigated the possibility of making beryllium 
probes, but to date, we have not implemented that portion of the test plan. Part of the 
problem has been limited funding. {#131, Kay Adler Flitton} 
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• The RWMC PA corrosion rates included impact of MgCl and sulphate ions. The test location 
as far as I remember (when I was Project Manager) did not apply soil suppressant so 
CORROSION RATES in test case are lower. MgCl can induce severe corrosion. {#114, Raj 
Bhatt} 

• Do these studies hope to correlate H-3 releases inherent with activated beryllium? {#115, 
Bryan M. Moyers} 

- Re: #115, Right now the active monitoring (Paul Ritter's talk) addresses H-3 releases. 
Hopefully, with the active monitoring and the continued corrosion test results we can 
correlate H-3 and other radionuclide releases. {#178, Kay Adler Flitton} 

• Any predictive modeling being done to attempt to understand/match test setup conditions? 
{#116, Gary Anderson} 

- Answer to comments 115 and 116, For the performance assessment, it is assumed that 
releases from Be are controlled by the corrosion rate. Thus, the corrosion rate is 
expected to be correlated to the release rate that would be observed in the disposal 
facility. The corrosion experiment in conjunction with on-going monitoring will help 
to confirm the accuracy of this assumption. To date, comparisons of the performance 
assessment model predictions with concentrations of radionuclides in the subsurface 
confirm that the performance assessment predictions have been very conservative 
(i.e., the modeling used to determine compliance with performance objectives has 
over predicted migration from the disposed waste). {#120, Roger Seitz} 

• How mobile is Be in the subsurface and what factors increase its mobility?  Are the same 
factors that increase the corrosion rate the same factors that effect mobility? {#117, Sheryl 
Leeper} 

- Re: #117   From the results of the corrosion testing, the corrosion products on the 
beryllium metal surface is strongly adhering. The product has been run through 
analytical chemistry with the results mainly consisting of silicates and other beryllium 
compounds. We have not measured the thickness of the adhering layer although we 
are applying the lessons learned from each retrieval to gain additional information. If 
the same factors applicable to corrosion rate affect mobility, then one would expect to 
find evidence in the soil. We are planning on applying this theory in the field during 
the next excavation opportunity. {#134, Kay Adler Flitton} 

• What exactly does the sample weight change over time indicate?  Are binding or changes in 
structure taken into account (ie: the silicate deposits evident at 3 years)? {#119, Linsey 
McDaniel}

- Re #119  Weight change, in this case weight loss, indicates the amount of beryllium 
metal potentially being available for  release into the environment. Typical 
underground corrosion rates are based on material loss applied overall (generally). 
This is a reasonable representation to determine how much material could be 
available to the environment. Further investigation is recommended to determine how 
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the material is bound in the soil matrix once corrosion happens. Also, further 
investigations need to take place to see if the beryllium and subsequently 
radionuclides that are not soluble (TCLP) may in fact be bound close to the disposal 
and not transportable. {#135, Kay Adler Flitton} 
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Comments on Radioactive Isotope Release from Buried Beryllium 

• Did the barometric pressure have any effect on mobility and release in the soil vapor phase? 
{#121, Sheryl Leeper} 

- Ritter response to question 121 -- I suspect that barometric pumping is an important 
process that causes HTO migration through (up and down) the soil column, 
particularly in the disturbed soil in the auger hole. The net effect of barometric 
pumping would be dispersion of the HTO that would, over periods of weeks, look 
like diffusion. {#144, Paul Ritter} 

• Has there been any contacts made at other disposal facilities where beryllium has been 
disposed to see if any soil gas monitoring has been performed to see what might be 
happening at those disposals? {#124, Carlan Mullen} 

• Any measurements of other radionuclides? {#125, Gary Anderson} 

- Ritter response to question 125 - no; I think that we'd need to collect soil liquid 
samples, because most (all?) of the other radionuclides migrate only in solution or 
perhaps suspension in the liquid phase. Liquid samples are difficult (often impossible) 
to collect from the unsaturated soil zone. {#147, Paul Ritter} 

• When was the beryllium disposed that is being studied in the soil vault? {#126, Carlan 
Mullen} 

- Answer to comment 126 - Be was disposed in 1993. {#127, Raj Bhatt} 

• Potential for measuring concentrations of nuclides in water beneath soil vault that has passed 
through? {#128, Gary Anderson} 

- Ritter response to question 128 -- I haven't seriously considered asking for installation 
of liquid sampling ports (suction lysimeters) beneath the auger hole, but I think that 
the ports could be installed without any serious safety problems. Actually getting 
liquid from the soil depends on soil conditions that you can't predict or control, so 
there would always be the risk of putting in a 'dry hole'. {#154, Paul Ritter} 

• My understanding is that the C-14 is predominately in the non-Be metal components attached 
to the ATR Be blocks and shim cylinders. Is C-14 a significant source in the Be?  One of the 
proposals to dispose of the ATR Be blocks and shim cylinders was to remove the non-Be
metal components to meet the greater than Class C limitations. Is this possible? {#130, Jeff 
Brower} 

- Answer to comment 130: The :C-14 in Be is due to the nitrogen impurity in Be.
Approximately 2 Ci/block or shim cylinder is produced due to irradiation of Be.
There might be additional C-14 in attachments. {#137, Raj Bhatt} 
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- Ritter response to comment 130 -- I thought the reason for considering removing the 
non-Be components is to get rid of the long-lived niobium (93 or 94?). I think that the 
~10 Ci estimate that I used for my presentation is associated with the beryllium, and 
comes from neutron reactions with nitrogen impurities in the beryllium. {#142, Paul 
Ritter} 
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Comments on The WIPP Remote Handled Transuranic Waste Program 

• How difficult will it be to get INEEL authorized for RH-72B shipments? {#138, Glen 
Longhurst} 

- Response to 138: It would be a bit of a challenge to get the Be material certified for 
the RH-72B. The Be would be difficult to get past the HAC analysis. {#161, Clayton 
Gist}

• What would it take to get INEEL certified to ship Be blocks or OSCC using the RH-72B 
cask. {#139, Brian Anderson} 

- Response to comment 139: The current limit for Co-60 in RH 72-B cask is 32 Ci. The 
beryllium block when removed from reactor contains about 220 Ci of Co-60. What 
that means is even if we are certified, Be blocks will need about 20 years ( or about 
five half-lives for Co-60) before it can be shipped. Also only one block can be 
shipped at time. Decay heat can be another problem. {#141, Raj Bhatt} 

- Re 139:  ATR currently has 2.5 MCi of Tritium in the Be waste in the ATR Canal. 
WIPP is highly unlikely to accept ATR Be waste if their total radionuclide inventory 
limit is 5.1MCi (from an earlier presentation). {#143, Jeff Brower} 

- Re: 143, 141. If we have to wait 20 years cooling period to ship Be components, the 
Tritium decay from a 12.33 yr half-life will be reduced to less than half, or about 
1 MCi, which should help out a bit. {#146, Brian Anderson} 

- Re:139- Once the WIPP Facility is certified to receive the RH, then the Be program 
must go through the certification process and get into line with the other shippers. 
{#167, Clayton Gist} 

- Re 139- You are correct since we must satisfy the needs of multiple shipping sites 
and must take that responsibility into consideration while evaluate the needs of the Be
program. {#171, Clayton Gist} 

• I thought I read somewhere that disposal in WIPP was in Rh-72B liner canisters. Is that 
correct?  If not, what containers are used? {#140, Glen Longhurst} 

- Re #140- Yes that is correct, the 72-B canisters are the disposal containers. {#170, 
Clayton Gist} 

• How long is WIPP to be operational?  Earlier, we saw where HFIR has another 48 years of 
life, ATR may have a similar life expectancy. This indicates a beryllium disposal path needed 
well into the future. What, if anything is planned beyond WIPP? {#145, Kay Adler Flitton} 

- Re 145-  The WIPP facility will operate at a near capacity level until the current 
inventory of legacy waste(both CH and RH waste) has been disposed. This is 
currently perceived to completed on or about 2015. There after it will operate at a 
reduced level as long as needed. {#172, Clayton Gist} 



 244

• Does all the Be in inventory from INEEL and Oak Ridge meet the definition of "defense 
waste"? {#148, Nate Chipman} 

- Re #148- I don't know. Some of the material has been designated as defense. {#173, 
Clayton Gist} 

• No plans for additional types of casks. {#151, Buck West} 

- Re #151- Correct there are no plans to certify other casks. {#174, Clayton Gist} 

• Issue of WIPP closure before Be decays enough to allow for placement within total inventory 
on Curies {#152, Gary Anderson} 

• WIPP will close down several years after Hanford is done. But will operate at a reduced 
level. {#155, Buck West} 

• Copy of criteria (letter) for determining defense related. {#157, Gary Anderson} [see 
Attachment 1] 

• Noted it is probable WIPP will remain open longer than 30 years even though currently 
planned to close earlier by law? Bases or clarification? {#159, Gary Anderson} 

- Re #159- The planned closure of thirty years is a planning date not a commitment by 
law. {#175, Clayton Gist} 

• Comment of a better alternative than WIPP longer term for Be disposal (RH-TRU) noted, but 
not further described. What was/is the alternative? {#160, Gary Anderson} 

• How will WIPP RH TRU program coordinate placement of RH TRU with CH TRU 
program?  Will the schedule and logistics of disposing of RH TRU prior to placement of CH 
TRU exclude acceptance of ATR Be reflector blocks that require 20 years of decay prior to 
shipment to WIPP? {#164, Julie Conner} 

- Re #164- The RH waste must be in place in a given room in the facility before CH 
can be put in place. Therefore, time is the enemy of RH placement and the 20-yr. 
decay time may be an impediment to disposal because of lack of space. {#177, 
Clayton Gist} 

Other comments/presentations as requested by attendees 

General Comments 

• Is a copy of the slide show presentation(s) going to be forwarded along with the Meeting 
Notes? {#28, Sheryl Leeper} 

- In response to #28 - Yes all material will be included in the workshop report. The 
workshop record will probably be issued as a CD. {#41, Buck West} 
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Comments on Plum Brook Reactor Beryllium 

• Reactor was operated from 1962 to 1973. {#162, Buck West} 

• Be plates will not fit into any commercial transport casks. {#163, Buck West} 

• Several unknowns about the Be plates and what will happen once they start handling the 
plates. {#165, Buck West} 

• One of the plates was found to be bowed and cracked. This plate is now in hot storage on 
site. {#166, Buck West} 

• At Sandusky, they are in the early stages of studying the plates and described the issues 
associated with the plates. {#168, Buck West} 

• Planned disposal at Barnwell, SC, criteria for disposal of irradiated Be likely assumes its low 
level waste (less than 100 nCi/g transuranics). {#169, Gary Anderson} 

• Ritter question - With regard to your smearable tritium problem, have you taken any air 
samples to see if you have airborne tritium associated with particles and/or water vapor?  It 
wouldn't be too difficult to set up a sampler to pass air through a particle filter and then trap 
water vapor for analysis. {#179, Paul Ritter} 
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GUIDED DISCUSSION RESULTS 

Problem Definition 

What are disposal concerns at facilities such as the High Flux Isotope Reactor (HFIR) 
and the Missouri University Research Reactor (MURR), which also use beryllium 
reflectors? 

• Many facilities using Be reflectors may not be aware of the activated impurities issues. They 
don't yet recognize a problem may exist with their current disposal path. {#31, Gary 
Anderson}

• They have TRU waste and are apparently barred from using WIPP. Any other final 
repository for TRU Waste not known. {#32, Lawrence E. Miller} 

• HIFR Be to be dispositioned when reactor is closed. That’s a long time from now. What 
disposal facility will be open in 40+ years? {#36, Nate Chipman} 

• Does the Be from other reactors at Oak Ridge follow the same disposition path as the Be
from HIFR? {#42, Nate Chipman} 

• Characterization of the potential level of radionuclides from activation of impurities is 
needed for each of the Be reflected reactors. Some may not have the potential transuranics 
problems from Uranium, or the C-14 from nitrogen. {#44, Gary Anderson} 

• Depending upon activation and operational flux levels, Be components will have differing 
levels of TRU in contaminants. Need a way to identify what the Be contains, and categorize 
into waste classifications. Need to go back and understand what was already disposed of, to 
facilitate management of the disposed (buried components). Need to determine interim 
storage capabilities, and ultimate long term disposal options. {#47, Brian Anderson} 

• MURR Be inventory is not defense related so the WIPP disposal option is not available. 
There appears to be no clear path forward for this material. {#54, Nate Chipman} 

• There may be other research reactors and foreign reactors in the same situation - no path to 
disposal - DOE has an agreement with some research and foreign reactors for the spent fuels, 
could the beryllium be included? {#91, Kay Adler Flitton} 

• Disposal concerns at ORNL are a lack of home for the waste materials. We addressed the 
problem by initiating agreements to transfer the reflectors to temporary storage on-site. The 
agreement requires the reflectors to be returned to the generating facility prior to or 
immediately after reactor shutdown. {#57, WEHill } 

• Current disposal sites, e.g. Barnwell in USA, and other locations around the world, accepting 
irradiated Be as RH LLW may not recognize that the materials may be greater than class C 
for various reasons (transuranics, carbon-14 sum of nucllides) {#58, Gary Anderson} 
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• First there are sampling concerns (or modeling) to determine if TRU exists and at what 
levels. Next - If high TRU then where can the materials be disposed. If under NRC license 
(like MURR) then WIPP cannot accept. Presently, there are no disposal locations that can 
accept, so then where do you store/stockpile the materials onsite for a prolonged period of 
time. Key issue is to begin writing campaign to include this type of waste at Yucca Mt. {#60, 
Sheryl Leeper} 

• MURR has an irradiated reflector in storage in the reactor pool that was removed in 1997. It 
was in the reactor for 26,000 MWD's. The reflector in operation now will be removed in 
2005. With the new awareness of potential TRU and C14, a disposal path needs to be 
identified. {#62, Charlie McKibben} 

• PBRF - #1  Identify original chemical assay information for beryllium plates currently in the 
defueled core. (Intent is to rule out TRU disposal concern). 

#2  Rule out Part 61and TRU  nuclides of concern through physical sampling. This requires 
engineering assessment and development of "in-place" sampling techniques (i.e. underwater 
vs. remote handling without water shielding, sample technique that doesn't risk fracturing Be
plates without complicating dismantlement, etc.). 

#3  Identify all commercial burial site requirements and appropriate burial containers 
(preferably avoiding Be-plate size reduction) for H-3 associated with beryllium plates. {#71, 
Bryan M. Moyers} 

• Question:  PBRF is in the process of establishing all burial site relationships. Is it now 
appropriate to discuss the TRU and C-14 issues with commercial burial sites, or is it best to 
wait for an official DOE/Scientific position to be published? {#84, Bryan M. Moyers} 

What inventories of irradiated beryllium, other than at operating reactors, will need to be 
disposed of? 

• Conceptual fusion reactors will be using rather massive quantities of Be, perhaps as much as 
several tens of cubic meters each. This material will also become irradiated and require 
disposal. {#28, Glen Longhurst} 

• Legacy Be from shutdown or decommissioned reactor facilities such as the Materials Test 
Reactor (MTR) and the Engineering Test Reactor (ETR). {#33, Jeff Brower} 

• Beryllium core components in the MTR and ETR and ETRC reactors at the INEEL. 
Components from previous ATR cores currently stored in the canal. {#35, David Gibby} 

• At the INEEL, other significant  inventories include Be from the Materials Test Reactor and 
the Engineering Test Reactor. {#39, Julie Conner} 

• INEEL ETR, MTR, and ATRC, at D&D. Some inventories may be characterized as LLW or 
TRU. Thus needing two different waste stream disposal paths. {#40, Carlan Mullen} 
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• Be from low power critical facilities. Do these low power facilities have the same issues as 
the high power facilities? {#41, Jeff Brower} 

• Older shut reactors, such as ETR, MTR, Plum Brook contain irradiated Be components. 
{#53, Brian Anderson} 

• A future generator which hasn't been discussed is the Spallation Neutron Source in Oak 
Ridge. This facility comes on-line in 2006 and has a lot of beryllium reflector material which 
will become activated. Other sources could include buried material which is retrieved. {#64, 
WE Hill } 

• ATR has two other kinds of beryllium not discussed at this work shop. Beryllium capsules 
from early years of operation and i hole capsule plugs  the capsules are small quantities 
(grams)   The I-hole plugs are 3 to 5 inches diameter and 50 inches long, that are no longer 
used, but not yet declared as waste. {#87, Charles Brooks} 

• PBRF has a total of 9 plates, for an estimated weight total of less than 4000 lbs. {#89, Bryan 
M. Moyers} 

• Potentially hundreds to thousands of sealed neutron sources (PuBe). Los Alamos had a 
program to retrieve and disposition. There may be some cross over to this workshop. {#95, 
Nate Chipman} 

What concerns exist for irradiated beryllium that has already been disposed of as low-
level waste assuming it is TRU but not RCRA hazardous? 

• The identification of irradiated beryllium being classified as TRU waste will necessitate 
additional analysis and modeling for Performance Assessments (PA)s and Risk Assessments 
(RA)s at the burial grounds and disposal areas. {#37, Kay Adler Flitton} 

• Will it be "grandfathered" and left where it is or will it have to be retrieved and disposed of 
under current EPA rules? {#38, Lawrence E. Miller} 

• It makes no difference if it is "pure TRU" or mixed TRU. Based on agreements with the 
regulators, if it comes to WIPP it will be subject to the regulatory requirements of the RCRA 
Permit. {#49, Clayton Gist} 

• Commercial low level waste disposal facilities will need to do an assessment as to whether 
they legally can dispose of the now TRU waste, whether they can get an exemption of some 
kind for the legacy disposal, or whether they need to remediate the disposals. {#50, Kay 
Adler Flitton} 

• Financial and political liability. Release of TRU constituents to and transport within the 
environment. Potential retrieval and storage. {#55, David Gibby} 

• Characterize the waste as to risk to public, workers, and environment, per CERCLA, or as 
agreed to with local or state regulatory agencies having primacy. Follow prescribed processes 
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to complete Risk Assessments, RI/FS, and ROD processes as to how to address the material. 
Concerns exist such as irradiation history, contaminants in the Be, length of time for decay, 
buildup, etc. {#68, Brian Anderson} 

• At the INEEL SDA the disposed beryllium will be included as part of the radiological source 
term in the WAG-7 Comprehensive RI/FS under the interagency agreement under CERCLA. 
Where beryllium has been disposed at commercial disposal facilities the beryllium that has 
been disposed should be characterized with the new TRU information and then if found to be 
TRU then appropriate actions should be taken. I have no idea what the actions might be if the 
beryllium is TRU. As far as real risk from the beryllium if TRU they likely will not be too 
great because the levels of TRU in the beryllium are small. {#70, Carlan Mullen} 

• Yesterday's discussion resulted in a couple of questions on transport issues related to 
disposed irradiated beryllium. The mobility of beryllium in the underground environment and 
hence the radionuclide release were addressed. Currently, the state of knowledge is 
insufficient to determine whether "hot-spot" remediation should take place or whether the 
legacy burials should remain undisturbed. There is a need to obtain further scientific data 
from the field to help determine a path forward. {#72, Kay Adler Flitton} 

• The Pit 9 agreement with the State of Idaho provides for a legal interpretation by the Court's 
on the applicability of buried waste to the Idaho Settlement Agreement. If buried waste is 
included in the Idaho Settlement Agreement, how will this affect the path-forward? {#73, 
Julie Conner} 

• When does a material become TRU?  If it's not TRU at the time of generation can it be called 
non-TRU, even if analyses show it will be TRU in 30 years. {#74, WE Hill } 

• Mobility of TRU in the environment. The materials may be corroding but is the Be, and more 
importantly the nuclides, moving through the environment and creating conditions above 
acceptable risk levels {#77, Sheryl Leeper} 

• The RI/FS for the SDA at the INEEL is scheduled for release very soon. Is this new 
characterization information significant enough to delay in the issuance? {#80, Kay Adler 
Flitton} 

• If the legacy burials were to be recovered, where would they be stored?  Would they just go 
directly to WIPP? {#82, Kay Adler Flitton} 

What is a reasonable upper bound on expenditures to identify a disposal solution?  
What is the total life-cycle cost attributable to beryllium using presently available or 
foreseeable material grades and disposal methods? 

• A reasonable upper bound to cost should be the cost of the beryllium components. To spend 
more on it would not be cost effective. Total life cycle cost should factor in the cost of 
replacement components for the future lifetime of the particular reactor, plus the disposal 
cost. {#34, Loren Jacobson} 
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• We should be willing to spend at least as much on finding a solution as the financial threat 
posed by the problem. If failure to find a solution would mean a reactor must shut down, then 
a modest fraction of the value of the mission of that reactor would not be an unreasonable 
sum to spend finding a solution. {#43, Glen Longhurst} 

• Can MURR continue to dispose of irradiated Be at Barnwell. {#63, Glen Longhurst} 

• What implications exist for Barnwell when they learn they may have accepted TRU waste. 
{#67, Glen Longhurst} 

• The lower bound is far more obvious. No action is the minimum cost. {#69, Jeff Brower} 

• What will be required by either ATR or HFIR before they would order a beryllium reflector 
fabricated from S-65 material? {#75, Charlie McKibben} 

• I think the upper limit on expenditures is dependent upon what are the ramifications of no 
path forward for beryllium disposal. If that meant that ATR could not continue to operate 
within regulatory limits, the funding limit would be higher than if the impact were only that 
interim storage would be required. {#76, Charles Brooks} 

• I believe it is a national need to keep materials test reactors in operation. This is apparent at 
ATR because of the continued support and the operational planning assumption (2050) being 
used. Therefore interim storage costs for 100 years should be upper bounds for evaluating 
disposal option solution costs. {#79, Carlan Mullen} 

• Logic has been eliminated from environmental solutions by law. A reasonable upper bound 
on the cost would be as prioritized by risk to public, workers, and environment, compared to 
all other risks at the site, or even within the DOE complex. Life cycle costs could be 
substantially reduced by procuring higher quality material up front that will eliminate the 
TRU waste problem after irradiation. Existing separation processes to remove TRU 
contaminants and tritium from Be components after irradiation would provide a renewable 
source of material that appears to be in extremely short supply. {#83, Brian Anderson} 

• An upper bound needs to be established based on a life-cycle cost analysis. Multiple options 
including recovery of H-3 and TRU should also be evaluated. Storage costs (for decay prior 
to disposal) should also be considered; as well as, the cost of replacing the Be reflectors at 
intervals that allow the TRU concentrations to remain below TRU limits. {#88, Julie 
Conner}

What is the problem? 

• Long term supply of high quality beryllium for DOE applications. {#29, Don Kaczynski} 

• The disposition of Be in a logical and effective manner. In this process both the disposal and 
recycling aspects of the problem should be considered. {#30, Clayton Gist} 
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• The problem seems to have arisen from the fact that it was not appreciated what would 
happen to various beryllium impurities following long term in-reactor exposure. Then the 
problem became how to dispose of beryllium with radioactive constituents that it did not 
have before. {#45, Loren Jacobson} 

• The problem is finding what is required to keep high performance research reactors operating 
so that they can provide their unique contributions in science and technology that increases 
quality of life. This includes educating decision-makers to what is at risk and what 
reasonable solutions are possible. {#46, Charlie McKibben} 

• The problem is facilities are generating waste materials that are not addressed by regulations 
and/or protocols for disposal. This has resulted in materials like activated beryllium 
becoming orphaned at generator sites due to a lack of a disposal path. {#48, WE Hill } 

• ATR  has SEVERAL  potential problems. 1. What is the path forward for disposal of 
beryllium components?  2. What is the best interim storage option? 3. Is there a problem with 
continuing to generate the waste if there is no immediate path forward for disposal? {#51, 
Charles Brooks} 

• There is no approved path forward for the disposal of radiated Be waste. {#52, Jeff Brower} 

• The problem is that we apparently don't have a life cycle management strategy/plan within 
DOE for procurement, use, and final disposition of Be in all its applications with in DOE. 
Also, the various grades of Be available and the varying impurity contents just muddy the 
waters and make things complicated for applications where Be is irradiated, mostly as reactor 
reflectors. {#56, Lawrence E. Miller} 

• The source for new Be contains impurities which are not acceptable for reactor applications. 
Is there a cost effective method for removing these impurities? {#61, Jeff Brower} 

• Apparently there is no path for ensuring that we have a domestic supply under U.S. control 
after 2011. Appears to be a "strategic material" which is not being recognized as such by 
senior Administration Officials or Congress. Needs to be treated as a strategic asset. {#65, 
Lawrence E. Miller} 

• While working the path forward for disposal, what legal/regulatory obstacles exist that would 
potentially threaten or delay continued operations that generate Be waste (core internals 
change-out at the ATR)? {#66, Bruce Criswell} 

• It appears we have no path for disposal of irradiated beryllium because of the combined 
transuranic and gamma-field issues. We seem to be unsure whether that situation threatens 
continued reactor operation. There is a need for an organized program with sufficient support 
to find a way to (1) fit this material into an existing pathway, (2) modify material already 
irradiated so it will fit into an existing pathway, and (3) prevent future problems by removing 
its cause. {#81, Buck West} 
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• The path for dispositioning Be could cross several DOE "stovepipes". Be inventories have 
been generated at "defense" related facilities, they may now be held in EM "owned" or 
operated facilities or sites, and the disposal path is to an "RW" repository. Who owns the 
problem, and who pays for any R&D, packaging, shipping, and disposal? {#78, Nate 
Chipman} 

• Why dispose of these materials in unretrievable sites -- why not dispose of at sites where the 
materials can be retrieved and potentially reused in the future (once technology catches up 
for removal of impurities, use with impurities, etc.) {#85, Sheryl Leeper} 

• Will this "new" issue with its associated potential costs adversely impact reactor 
programs/operation? {#86, David Gibby} 

• The disposal path problem is larger than beryllium waste. There are numerous waste streams 
without a disposal path that are activated. Many of these waste streams would have the same 
or similar disposal paths if they could be worked together. (High activity SST, Inconel, 
graphite, beryllium) {#90, Carlan Mullen} 

• 1) How do we make sure that continued reactor operations with existing Be components on 
hand and planned to be used is legally and regulatorily approved? 2) What do we do about 
the buried Be components to comply with existing environmental regulations? 3) What do we 
do with the irradiated Be components that are in storage currently, or that will be generated in 
the near future, as to compliant interim storage and ultimate long term Treatment, Storage, or 
Disposal, hopefully in that order? 4) Is there a cost effective way to eliminate the source of 
the problem for future Be components, so that the current TRU disposal dilemma can be 
avoided? {#97, Brian Anderson} 

General comments 

• There are other metals that do not have disposal path similar to Be. The problem is larger 
than just Be. {#94, Buck West} 

• Before everyone gets hung up on "disposal" of irradiated Be material, we should consider 
options for treatment for recycle, and retrievable storage, before we get locked into non-
retrievable disposal. {#96, Brian Anderson} 

• At one time there was a beryllium coordinating committee that included representation of all 
users and producers. It would be useful to re-establish this committee. {#98, Loren 
Jacobson} 

• Beryllium strategy committee, with representatives of the government departments with 
concerns, was disbanded - perhaps this needs to be implemented again. (comment from 
Loren Jacobson) {#99, Kay Adler Flitton} 
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Problem Consequences 

What are the feasibility, cost, and programmatic impact if "Defense" classification is 
required for research reactor beryllium to be disposed of at WIPP? 

• Prog:  Defense classification could open the door to DNFSB oversight at TRA. {#101, Brian 
Anderson}

• Cost:   Doubtful this would be significant. {#104, Brian Anderson} 

• I believe ATR waste beryllium could be classified as defense related waste, even though 
ATR is not a defense related facility. If true, there is no impact to ATR. {#106, Charles 
Brooks} 

• Feasibility: Not considered a major obstacle. {#107, Brian Anderson} 

• WIPP is a valuable asset to the US for disposition of TRU waste.  Shipping just one HFIR 
permanent beryllium reflector to WIPP would use up 5% of their total curie allocation for 
about a micro-curie of TRU. It's hard to justify utilizing a valuable resource like WIPP in that 
manner. WE Hill {#114, WE Hill} 

What would be the consequences of failing to move now to resolve issues of disposal 
for irradiated beryllium? 

• Generator facilities, field office capabilities (hot shops and cells) are being D&D’d which 
may be important to the strategy needed to disposition beryllium. {#102, Carlan Mullen} 

• No path forward for disposal would impose interim storage. Right now the available storage 
is limited. What would be the costs for developing interim storage facilities? How would the 
storage facilities be regulated? {#110, Kay Adler Flitton} 

• We seem to have accepted for years the philosophy that our successors will be able to deal 
with these issues more successfully than we can. {#111, Glen Longhurst} 

• Long term interim storage costs at generator sites will continue at higher life-cycle costs than 
eventual disposal. I think we just have to look at spent fuel and high level waste as examples 
of cost the problems. The only difference is the beryllium is a fairly small volume and 
appears to have less health and environmental release risk. {#112, Carlan Mullen} 

• There is a process to authorize continuing operation with no path to disposal. This is deemed 
doable for the current CIC cycle. Failure to identify a path to disposition could  eventually 
preclude continuance of reactor operations. {#113, Brian Anderson} 

• Path forward to disposal may close--such as missing dates for inclusion of material in license 
application for HLW repository. {#115, Nate Chipman} 
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• Cannot under DOE rules continue to generate a waste with no path for disposal (can continue 
to generate while developing a path). Reactor or other operations generating such a waste 
could not continue. {#116, Gary Anderson} 

• This could eventually cause the shutdown of major irradiation reactors that are now being 
used to produce radioisotopes that are being used in new radiopharmaceuticals that are 
showing success in treating cancer and adding quality of life those suffering from cancer. 
{#118, Charlie McKibben} 

• Individual generator problem solving will likely cost much more than a national solution. 
With out a national solution individual generators will solve the immediate storage problem 
to allow continued operation to meet programmatic objectives. {#119, Carlan Mullen} 

• Reactors that generate Be with "no path to disposal", i.e. orphan waste may be unable to 
continue operations. An exemption to allow continued production of  "no path to disposal" 
waste will likely be attainable in the near-term (as long as there is an active program to 
develop a disposition path). However in the long-term; this issue may shut down reactor 
operations. The consequence would be that the U.S. would loose the capability to perform 
nuclear fuel and material research; and, produce medical and strategic isotopes. {#120, Julie 
Conner}

• Allowing this problem to languish without progress to resolution will increase likelihood of 
higher level decisions to eliminate the source of the problem. {#121, David Gibby} 

• Increased cost associated with short/intermediate term storage. Another potential negative 
public relations issue. {#123, Bruce Criswell} 

• There is no immediate consequence for interim wet storage of irradiated beryllium storage. 
Efficient use of deep section of the ATR canal, using stackable containers will allow atr to 
operate for another 50 years. The concern is a regulatory question, i.e.,  whether we shall be 
allowed to continue storing it in the canal and continuing reactor operations. We do no 
believe it is necessary to store the beryllium dry and that would be costly solution, particuarly 
if the waste beryllium must later be repackaged to meet transportation and/or final 
destination site packaging requirements. {#130, Charles Brooks} 

• Negative stakeholder (public and regulatory) perceptions of DOE would arise, that ultimately 
impact continued operations funding and future nuclear operations. Public and Regulators 
perceptions of DOE would again be that DOE is attempting to avoid dealing with a problem 
{#131, Gary Anderson} 

• New reactors utilizing this material may be hindered from being developed if life-cycle 
issues such as disposal paths are not resolved. Our aging nuclear infrastructure may rely on 
solving this issue if we, as a country, pursues future nuclear energy options. {#132, Kay 
Adler Flitton} 
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If a disposal pathway cannot be found, can reactors continue to generate this waste 
stream? 

• There should be a way to ensure continued operation provided work is in progress to find a 
solution. {#105, Glen Longhurst} 

• DOE Orders provide a mechanism for continued generation of waste with no identified path 
for disposal where programmatic need justifies the continued generation. This will allow for 
continued operation of the reactors in the near term. However, work needs to progress on 
identifying a viable disposal path or operation of affected reactors in the future could be 
impacted. {#108, David Gibby} 

• There is a process to obtain authorization to continue to generate a "waste with no path to 
disposal."   TRA is pursuing this process, and expect to obtain relief to support the next CIC 
cycle. Beyond that, there is no guarantee we could get another exemption. Hopefully by then, 
there will be a new management strategy that will identify a disposition path. {#128, Brian 
Anderson}

• In the near-term an exemption can likely be sought and approved. However, progress must be 
demonstrated toward developing a disposition path in order for the federal government to 
continue to allow generation, i.e. replacing Be in operating reactors. {#134, Julie Conner} 

What are the consequences of the problem(s)? 

• The political sensitivities about continued reactor operations may be exacerbated by 
disclosure of this additional complication. Some may push strongly to close the reactors now 
rather than waiting several decades. That still leaves already disposed material and currently 
on-hand material to deal with. {#103, Glen Longhurst} 

• Loss of domestic beryllium metal supply, and loss of operational reactors needing beryllium 
could result from failure to address the problems raised by this group. However, other 
potential users of beryllium would also be affected, and should be weighing in soon on their 
own supply issues. Again, this entire situation should stimulate formation of a national 
beryllium coordinating committee to bring appropriate focus on the problem and obtain 
attention of high level decision making authority. {#109, Loren Jacobson} 

• There may be substantial cost impacts at DOE disposal facilities (e.g., RWMC) and at 
commercial facilities (e.g, Barnwell, SC) for remediation. {#117, Glen Longhurst} 

• This is a low volume waste stream with high cost consequences if not solved in the 
immediate future. {#122, Carlan Mullen} 

• Long term Regulatory Constipation of Operating Reactors without adequate storage space for 
materials that cannot be dispositioned. Eventual inability to continue operation. Lack of 
future domestic supply of unirradiated Be metal, forcing purchase from unreliable sources. 
Performance fails to meet national security needs without Be metal for future systems. {#124, 
Brian Anderson} 
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• HFIR looked at replacing the reflector with heavy water prior to this latest beryllium outage. 
The logistics, costs, and other impacts were of a magnitude that we kept the reactor beryllium 
reflected. Neutronically, it is essential to continued operation. Consequences of loss of 
beryllium supply are potentially severe. It is not clear that a supply problem is imminent, a 
domestic supply loss may be imminent. On-site storage will be the consequence of not 
solving the problem. {#125, WE Hill} 

• Opportunities will be lost or not identified if a national strategy for beryllium disposition is 
not developed to guide the individual generators in managing the beryllium disposal. {#126, 
Carlan Mullen} 

• Eventually cripple or completely shutdown many highly sensitive and strategically important 
defense and basic research programs within DOE, DOD, and NASA that would cascade 
down to cause negative impacts on other important areas for the U.S. {#127, Lawrence E. 
Miller} 

• If reactors utilizing Be cannot continue operation, what are the consequences to the Navy, 
national defense, educational research, future education of a new generation of nuclear 
engineers, etc.?  Pick any one, its like "for lack of a nail a war was lost" {#129, Nate 
Chipman} 

• Higher disposal costs would result in higher costs to customers. {#133, David Gibby} 

Can the problem(s) be prevented, mitigated, or resolved? 

• Dispose beryllium at Yucca Mt. instead of WIPP. While not intended for disposal at Yucca, 
special case waste was analyzed and it was not specifically excluded. The key at this point 
will be to work with Yucca as they prepare the permit application. {#17, Buck West} 

• Reprocessing of used material. {#153, Buck West} 

• Find and use an alternative to beryllium for reflectors in reactors. {#154, Buck West} 

What actions should we be taking? 

• eek and develop a national/international program that can support education, research, 
negotiations, etc. 

• In order to get high level attention and political support; the affected agencies should acquire 
an independent organization like NAS, etc to evaluate the problem and propose a solution. 
{#149, Julie Conner} 

National strategy for beryllium supply and cycle. 

• Develop methods for removing undesired impurities before use {#141, Loren Jacobson} 
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• define/characterize the existing problem inventory of Be waste via modeling and sample 
analyses {#142, Gary Anderson} 

• Develop interim storage facilities for irradiated Be. {#143, Jeff Brower} 

• Pursue disposal of irradiated Be at Yucca Mt. {#145, Jeff Brower} 

• Formulate a National life-cycle strategy prepared by the beryllium coordination committee. 
(INEEL take the lead in preparing a proposal (scope, cost and schedule) that starts up the 
coordination committee) {#146, Carlan Mullen} 

• Develop interim storage standards and practices that would allow for the safe storage of 
material (perhaps dry storage) until a strategic plan including recycle and disposal can be 
formulated and implemented. {#148, Nate Chipman} 

• Define practical disposition options/paths and requirements/barriers to acceptance  for 
current stored and near term generated. {#151, Gary Anderson} 

Establish a beryllium coordinating committee to develop a national strategy for supply, 
use, and disposition of beryllium. 

• National Working Group to educate the Nation on Strategic Be Needs. {#139, Brian 
Anderson}

• Re-establish the beryllium Coordinating Committee {#137, Loren Jacobson} 

• This problem is too big for this two day session to come up with any solution. This two days 
has been invaluable in sensitizing me to the problem. Establish a Be Working Group with 
membership of all stakeholders to hold a series of meetings with the goal of preparing a 
straw-man national strategy for Be procurement, application and disposal along with 
complete justifications. This straw-man would be used to inform the high-level decision-
makers. {#150, Lawrence E. Miller} 

Seek exemption for disposal of existing beryllium based on low risk and small 
quantities, while pursuing new beryllium that is free of undesirable impurities. 

Develop/provide interim guidance to generators in the short term until a national 
strategy can be developed. 
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